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The 2016 Amatrice earthquake occurred on August 24 at 01:36 UTC, 
13.238E, 42.704N, 8.1 km depth. 
The focal mechanism, estimated by moment tensor analysis, reveals the 
following fault parameters (http://cnt.rm.ingv.it/~earthquake): 
 
-TDMT: (P1 strike: 156, dip: 50, rake: -85; P2 strike: 328, dip: 41, rake: -96) 
 In this first inversion attempt we assume the TDMT focal mechanism and the 
following fault plane model: 
 
- along strike dimension: 30 km, spatial discretization: 2.5 km; 
- along dip dimension: 17.5 km, spatial discretization: 2.5 km; 
- nucleation point (hypocenter): Lon 13.238 E; Lat 42.704 N, 8.1 km depth; 





We used a two-stage nonlinear inversion method (Piatanesi et al. 2007; 
Cirella et al., 2008); this technique is able to jointly invert strong ground 
motions records and geodetic data. The extended fault is divided into 
subfaults with model parameters assigned at the corners; the value of every 
parameter is not constant inside the subfault but it spatially varies through a 
bilinear interpolation of the nodal values. At each point on the fault the rupture 
model is described by four model parameters: rise time, rupture time, peak 
slip velocity and rake angle. Each point on the fault can slip only once (single 
window approach) and the source time function can be selected among 
different analytical forms. The nonlinear global inversion consists of two 
stages. In the first stage an heat-bath simulated annealing algorithm builds up 
the model ensemble. In the second stage the algorithm performs a statistical 
analysis of the ensemble providing us the best-fitting model, the average 
model and the associated standard deviation. 
 
Data 
We used strong motion data of 22 stations (Figure1) operated by RAN (Rete 
Accelerometrica Nazionale,) and by INGV. Original acceleration recordings 
are integrated to obtain ground velocity time histories. The resulting velocity 
waveforms are band-pass filtered between 0.02 and 0.5 Hz using a two-pole 
and two-pass Butterworth filter. We invert 40 seconds of each waveform, 
including body and surface waves. The Green’s functons are computed by 
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Figure1. Map of the fault geometry of the 2016 Amatrice earthquake. The black box 
represents the surface projection of the fault plane adopted in this study. Black triangles 
represent INGV and RAN strong motion stations. Red star is the position of the epicentre. 
 
Results 
All kinematic parameters (peak slip velocity, rise time, rupture time and slip 
angle) are simultaneously inverted by adopting the following variability 
intervals: peak slip velocity values can range between 0 and 3.5 m/s at 0.25 
m/s interval; the rise time between 0.75 and 3 sec at 0.25 sec interval and the 
rake angle in the range of  -85° ± 30° in steps of 10°. The rupture time at each 
grid node is constrained by the arrival time from the hypocenter of a rupture 
front having a speed comprised between 1.4 and 4 km/s. Figure 2a) shows 
the obtained rupture model in terms of slip, rise time, peak slip velocity, rake 
angle distributions on the fault; and the propagating rupture front. This model 
is obtained by averaging a subset of the model ensemble, corresponding to 
those models having a cost function exceeding by 5% the minimum value of 
the cost function reached during the inversion. The upper panel in Figure 2a) 
displays the final slip distribution; middle and lower panels show the rise time 
 4 
and the peak slip velocity distributions on the fault plane, respectively. The 
upper panel also shows the rupture fronts and the bottom panel the slip 
direction at each grid node. Figure2b) displays the comparison between 
recorded (blue) and predicted (red) waveforms. The seismic moment of the 
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Figure 2. a) Inverted rupture model (average model from ensemble inference). Upper, middle 
and lower panels show the total slip, the rise time and the peak slip velocity distributions, 
respectively. Rupture time shown by black contour lines (in seconds) in the upper panel; black 
arrows displayed in bottom plot represent the slip vector. b) Comparison between recorded 
(blue) and predicted (red) waveforms. 
 
In order to investigate the complexity of the obtained rupture model and its 
heterogeneities we have plotted in Figure 3, by following the work of Cirella et 
al. (2012), both the local rupture velocity (panel a)) imaged from the retrieved 
rupture times and the associated distribution on the fault plane of the rupture 
mode coefficient (panel b). According to Pulido & Dalguer (2009), rup=0 
corresponds to a Mode II (in plane) crack propagation, while rup = 1 to a 
Mode III (anti-plane). We have to be carefully to investigate these features 
only on the fault portion that slipped during the earthquake (identified by the 
slip contour in Figure3 (white and black lines, in panel a) and b), respectively). 
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Figure 3. (a) Local rupture velocity distribution on the fault plane for the 2016 Amatrice main 
shock overlapped by the slip contour (white line, in metres). (b) Rupture index displaying the 
rupture mode across the fault plane for the 2016 Amatrice earthquake, overlapped by the slip 
contour (black line, in metres). Values towards 1 correspond to a pure Mode II (in-plane) 
rupture, values towards 0 to a pure Mode III (anti-plane) rupture. Values in between 
correspond to a mixed rupture mode. 
 
Figure4 shows the retrieved rupture model projected on the Earth surface with 
villages up to 20km distant from the nucleation. Colors on the fault plane 
indicate the slip distribution; black contours represent the position of the 
propagating rupture at 1 s interval. Violet line displays the location of the 
observed surface breakages (provided by S. Gori & E. Falcucci- EMERGEO). 
 
Accumoli     
Amatrice     
Arquata del Tronto
Cittareale     
Norcia     
    



















Figure 4.  Inverted rupture model projected on the Earth surface with villages up to 20km 
distant from the nucleation. Colors on the fault plane indicate the slip distribution; black 
contours represent the position of the propagating rupture at 1 s interval. Violet line displays 
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Esclusione di responsabilità e limiti di uso delle informazioni 
 
L'INGV, in ottemperanza a quanto disposto dall'Art.2 del D.L. 381/1999, svolge funzioni di 
sorveglianza sismica e vulcanica del territorio nazionale, provvedendo all’organizzazione 
della rete sismica nazionale integrata e al coordinamento delle reti sismiche regionali e locali 
in regime di convenzione con il Dipartimento della Protezione Civile. L'INGV concorre, nei 
limiti delle proprie competenze inerenti la valutazione della Pericolosità sismica e vulcanica 
nel territorio nazionale e secondo le modalità concordate dall'Accordo di programma 
decennale stipulato tra lo stesso INGV e il DPC in data 2 febbraio 2012 (Prot. INGV 2052 del 
27/2/2012), alle attività previste nell'ambito del Sistema Nazionale di Protezione Civile. In 
particolare, questo documento1 ha finalità informative circa le osservazioni e i dati acquisiti 
dale Reti di monitoraggio e osservative gestite dall'INGV. L'INGV fornisce informazioni 
scientifiche utilizzando le migliori conoscenze scientifiche disponibili al momento della stesura 
dei documenti prodotti; tuttavia, in conseguenza della complessità dei fenomeni naturali in 
oggetto, nulla può essere imputato all'INGV circa l'eventuale incompletezza ed incertezza dei 
dati riportati. L'INGV non è responsabile dell’utilizzo, anche parziale, dei contenuti di questo 
documento da parte di terzi e di eventuali danni arrecati a terzi derivanti dal suo utilizzo. La 
proprietà dei dati contenuti in questo documento è dell’INGV. 
